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The  culturing of tissues in vitro  is a  well established technique which has 
been developed in many laboratories and has been in continuous use for many 
years. At the same time, it is true  that the variations of technique used in 
different laboratories  are  extreme and that the means for culturing rapidly 
and reproducibly have not been achieved completely. The requirements  for 
maintaining sterility have imposed numerous time-consuming operations, some 
of which have been at least partially solved in various laboratories but in no 
case  have  completely generalized and  convenient methods been  developed 
to the fullest. In addition to the factor of maintenance of sterility, the effect 
of drying of the tissue in setting large numbers of cultures and of adding to 
the tissue strictly controlled amounts of all the medium constituents has been 
a source of difficulty. A premium has been placed on the experience and skill 
of the eulturist and because of this situation a shortage of thoroughly trained 
culturists  exists.  It  is the purpose of this  series  of studies  to make extensive 
quantitative  studies  on growth and development of tissue  in  culture.  In order 
to reproduce most accurately the conditions  of culturing,  an extensive  study 
of the culturing  technique itself  was first  made and is reported in this  com- 
munication. 
A  review of the various culturing  techniques makes it apparent that the 
requirements for strictly  quantitative  study are not well  met by any of the 
existing  procedures or by combinations of them. It is  clear  that completely 
quantitative studies  make necessary a greater  degree of reproducibility  and 
of  control  than  can  be  conveniently applied  by  the  procedures which  have  been 
described (I-II).  It is, for instance,  customary to state that three  drops of 
one constituent  is added, followed by one drop of another or perhaps 1 ml. 
of  a  third.  Clearly  the  amount added  is  not  known when the  volume is  expressed 
in drops.  With one exception (13),  the amount of tissue  added to a chlture 
has been expressed by the statement that selected pieces of uniform size were 
used or some similar qualitative basis  was  employed. If quantitative work 
is to be performed, it is clearly necessary that all significant constituents en- 
tering the culture be added quantitatively. 
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It may be argued  that  quantitative  addition  of all medium  constituents 
is not completely justified inasmuch as nearly all the reported culture media 
contained  serum,  plasma~ or embryo extract  or  some combination  of these 
constituents  whose composition is unknown.  It is,  nevertheless, possible for 
the culturist to know the mount of any given constituent which can be ana- 
lytically determined in these mixtures of unknown general composition and to 
describe quantitatively the variations in the constituent, provided the original 
amount of fluid added is strictly known. It is also apparent  that such repro- 
ducible additions can be made by existing and well known procedures, provided 
enough time and attention on the part of the culturist are consumed. Where 
large numbers of cultures must be maintained the burden of carrying quanti- 
tative cultures becomes very great and it is highly desirable that all operations 
be reduced to as simple  and rapid techniques as can be devised. Not only is 
this  a  means  whereby culturing  time  is  diminished,  but  the  results  of the 
work should  be correspondingly improved by the  fact  that  tissue would be 
allowed to dry a  minimum  time  or be exposed to  the minimum  possibility 
of contamination.  Variable  evaporation  of the medium  constituents  during 
culturing  can  also be a  factor in  quantitative  studies. 
The technique of quantitative culturing is divisible  into two main portions, 
(1)  the preparation and evaluation of the tissue which will involve weighing, 
and  (2) the addition of the medium in toto or in part.  Involved in these two 
steps will be the question of weighing of tissue, cutting, transferring, mounting 
in  clot or other suspending medium,  and  the addition  of liquid medium. 
1.  Preparation  of  Tissue 
In  addition  to  the  widely used  practice  of  selecting  tissue  fragments  of 
appropriate size and appearance, Willmer (14) and Davidson and Waymouth 
(9,  10)  determined  the nucleoprotein  content  of a  group of selected pieces. 
This did not provide, however, any knowledge of the concentration of nucleo- 
protein  or  the  mass of the  pieces added  to  the  cultures.  Meier  (15)  made 
similar  studies  of tissue  fragments  on  the  basis  of their  dry weight  which 
is subject to similar considerations.  Cohn and  Brues (13)  attempted  to cut, 
weigh, and transfer entire hearts quantitatively. The problems of maintaining 
sterility during weighing  and obtaining the weight rapidly enough to prevent 
signifi.cant  drying were ditScult.  Furthermore,  they reported a  loss of 30 to 
50 per cent of the phosphorus of the  tissue during  cutting and  transferring 
of the fragments,  an amount which clearly places studies of phosphorus out 
of  the  range  of  reasonably  quantitative  results. 
2.  Addition of Liquid Constituents 
Considerable  progress  has  been  reported  in  the  much  simpler  matter  of 
standardizing  the  quantity  of liquid  constituents  added  to  tissue  cultures. SIGNOROTTI, HULL, AND KIRK  317 
Rigler and Greathouse (16) described a somewhat complex piece of equipment 
which was  capable of adding predetermined amounts  of culture medium  to 
the tissue culture. Aside from its somewhat inconvenient design,  this device 
was criticized by S{mrns and Sanders (17) on the ground that the liquid comes 
in contact with rubber stoppers which they state are toxic to the medium. 
The latter authors describe a  somewhat slm~lar  device, also  of considerable 
complexity, which avoids this difficulty. Their design is capable of adding com- 
paratively large  volumes,  e.g.  1  ml,  or more,  with  reasonable accuracy.  It 
is doubtful whether smaller volumes can be added accurately with it and it 
appears that  even the larger volumes do not maintain as good accuracy as 
is possible. 
Earle (18) described a  comparatively simple apparatus whereby the liquid 
phase could be added  to a  series of tissue  cultures  with adequate accuracy 
when the amounts were comparatively large. No description has been found 
of a  means for adding volumes of, for example, less than 0.1 ml., with com- 
plete quantitative accuracy. The latter requirement arises in connection with 
addition of the clotting components and becomes progressively more serious 
as the ratio of clot to implant is diminished as was initiated by Shaw, Kings- 
land,  and Brues  (19)  and which is an important feature of the study being 
carried out in  this  laboratory. Particularly when analysis must be made of 
tissue plus clot, it is highly critical that the clotting constituent be as small 
as  possible  and  of  accurately known  composition with  respect  to  the  con- 
stituent in  question. 
In this paper will be described relatively simple means whereby these prob- 
lems  and  other related  questions  can be  placed  under  control and  carried 
out with sufficient ease and speed to allow rapid setting of large numbers of 
cultures. 
EXPERIME~rAL 
All cultures and culturing techniques  described  are adapted to the use of roller 
tube cultures with original chick heart implants for the reason that these have been 
most generally employed in recent years for metabolic studies due to the larger quan- 
rifles that may be so cultured. The fundamental procedure used depends on weighing 
a single heart, cutting it into the necessary number of fragments, transferring the latter 
quantitatively to a culture tube, adding materials to form a fibrin clot, and after the 
coagulation  of the latter, adding the fluid medium. 
Special equipment was necessary  for the weighing of tissue  and for quantitative 
measurement of solutions.  In addition, a number of devices were designed to make 
possible easy transfer and other secondary techniques. 
Apparatus 
Balances.--Hearts and heart fragments were weighed on a quartz helix balance made 
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cabinet as shown in Eig. 1. The range of these balances being limited, as many bal- 
ances were mounted as needed for  the  various sizes  of  tissue fragments weighed. 
Ten day chick hearts required a  balance with a  capacity between 20 and 50 rag. in 
which the sensitivity was at least 1 mm. per rag. A quartz helix was suspended in a 
thick-walled 20 ram. pyrex tube by means of a hook fused on the inside of a glass cap 
placed over the top of the main tube. To the bottom of the helix was attached a suspen- 
sion fiber and pan also constructed of quartz. The pan was made from fine fibers in 
the form of a grid. The relationship of the suspension to the tube was such that the un- 
loaded pan protruded below the bottom of the tube by about 1 inch. During loading 
FIG. 1.  Transfer case carrying two quartz helix balances in place. 
of the balance, a  10 cm. glass rod with a flattened end bent at an angle of about 90  ° 
was used to hold the balance pan steady while loading and unloading. 
The balance was prepared for sterilization by pushing the pan upward into the tube 
with a cotton plug used to stopper the lower end and lifting the entire balance tube 
from the transfer cabinet. It was sterilized by heating in a  dry-air oven at 160°C. 
Autoclaving  could also have been used but with some difficulty because of the moisture 
which condenses on the interior of the balance. 
The reading of the balance was performed by means of a simple scale mounted on 
the tube. A mirror mounted along the scale was useful to avoid parallax and was 
usually employed. The greater accuracy which could have been obtained by use of 
a reading telescope or cathetometer would have been largely nullified  due to the length- 
ened time of exposure of wet tissues whose  weights were subject to comparatively 
rapid changes on drying. The transfer cabinet was equipped with a slanting glass win- 
dow under which the operator worked. It carded a window on the top which allowed SIGNOROTTI~  HI/LL~  AND  KIRK  319 
light to enter from a  fluorescent balance light or similar source of illumination. The 
case was also equipped with a  "sterilamp" mounted at the rear to aid in maintaining 
sterility. In order to stabilize the balance tube, an iron rod and clamp were attached 
to the box and used to hold the tube in place. The balance, as used, provided weight 
values which were reproducible to within 2 per cent, an accuracy which is at least as 
high as is obtainable with successive operations of quantitative culturing or analysis 
of cultures. 
Transfer Equipment 
Transferring of whole embryo hearts and other organs and the fragments cut from 
them for implanting is usually performed either with a pair of forceps which is awk- 
ward and damages the tissue or with a  transfer pipet which makes necessary the use 
of suspension liquid. The problem of grasping and transferring such tissue fragments 
was conveniently solved by a simple suction transfer unit shown in Fig. 2. It consisted 
of a piece of 6 ram. glass tubing about 1S cm. in length, drawn to a fine thick-walled 
capillary at the end and with a bend of approximately 4S  ° made about 3 era. from the 
tip. A bulb was blown about 5 era. from the bend and a hole was made in the top of  the 
bulb. This transfer tube was attached to a  low vacuum  source  by means  of rubber 
j 
FIG. 2.  Transfer capillary for manipulating tissue fragments. 
tubing. The vacuum was adjusted to a low constant value by use of an excess air in- 
take through water in a bottle or other means of preventing strong suction. On placing 
the finger over the hole on the top of the bulb, the vacuum was applied to the fine 
capillary which was touched to the tissue to be transferred. The suction attached the 
tissue to the end of the tube from which it was released by removing the finger to 
allow access of air. The same suction tube was useful for drawing up excess liquid which 
drained from tissue fragments. The suction tube was readily sterilized by any of the 
ordinary means  and could be flamed  sufficiently to  maintain  sterility during use. 
Another item useful in transferring was a glass scoop made by flattening one end of 
a  20 cm. long glass rod. The flat end was coated with paraffin after sterilization with 
dry heat and allowed to cool before the scoop was used. This device served to hold the 
heart during cutting, and after the cuts were complete, the entire content of the scoop 
was transferred to the roller tube. The use of a paraffined surface was found advisable 
because liquids such as Tyrode solution carried on the tissue were not lost and the 
paraffined surface also did not dull the cutting instrument used. 
Cutting Equipment 
A suitable small scalpel for cutting hearts and other tissues was not found on the 
market. A very small sharp blade was required, and standard scalpels of this type re- 
quired frequent sharpening which was quite time-consuming. 320  TISSUE CULTURE STUDIES. I 
Razor blades provided a  suitable edge and could be discarded but did not have a 
convenient shape. Small knives were readily made from razor blades by damping a 
double-edge blade between two pieces of brass plate 1 cm. thick, allowing a small por- 
tion to protrude. The brass pieces were securely fastened in a  vise and the piece of 
razor blade desired was broken. A  piece of hard wood was placed against the blade 
and tapped with a  small hammer. Four such small knives could be readily obtained 
from one razor blade. They were sterilized in a Petri dish lined with filter paper in an 
autoclave and dried in a drying oven at 100°C.  The small blade was inserted into the 
end of a  small pin vise which served as a handle. This technique of cutting tissue re- 
duced greatly the time necessary for maintaining scalpels and gave the advantage of 
a consistently sharp and small blade which cut the tissue with a minimum of bruising 
and sliding of the tissue on the supporting surface. 
Dispensing Equipment 
As discussed earlier, several devices for dispensing culture media quantitatively 
have been described. In virtually all cases they have been applicable  only to the liquid 
medium which in the roller tube culture is added in comparatively large amounts. 
It is not improbable that when cultures are grown in clot the latter has a  metabolic 
significance. More important, perhaps, if the culture is to be analyzed quantitatively, 
the amount of clot must be kept as small as possible for a given weight of tissue or large 
blanks will be obtained in the analysis. This could be avoided by use of suitable means 
of separating clot from tissue, a  procedure which is as yet subject to question. For 
these reasons, the dotting constituent, as well as the liquid media, required accurate 
measurement in amounts less than 0.1 ml. The alternative to using some type of dis- 
penser was to maintain relatively large numbers of sterile calibrated capillary pipets 
which  are not simple to use aseptically and  require considerable time in  cleaning. 
Two  types of dispensers operating on a  similar principle were devised. The first, 
shown in Fig. 3, was designed for measuring relatively large amounts of liquid; e.g., 
0.5 to 3 ml. The dispenser was manufactured from a  three-way stopcock with 1 mm 
diameter side tubes. One arm was made to fit the storage flask, extending through a 
rubber stopper to the bottom of the vessel. The parallel arm of the stopock was bent 
out at an angle, drawn to a delivery tip, and protected from dust contamination by a 
bell-shaped glass tube sealed on the delivery tube. The single vertical stem was sub- 
stituted  by  a  calibrated tube  which  in  some  instances  was  of  uniform  diameter 
and in others, contained a  series of bulbs, each of which was calibrated for delivery. 
By a proper combination of bulbs and straight tube within the range desired, any de- 
sired quantity could be delivered with an accuracy and reproducibility determined 
chiefly by the internal diameter of the tube at the calibrated points. 
The tube was usually about 2 mm. in diameter in which were blown one or more 
bulbs. Considerably lower accuracy was obtained with a straight calibrated tube which 
required a  larger diameter to hold the same volume since the length was limited by 
space in the autoclave and  by stability factors. For addition of smaller amounts of 
liquid as in adding separate medium constituents,  a  modification of the above dis- 
penser was necessary as shown in Fig. 4. When the quantity of liquid added was of the 
order of 1 or 2 drops, the amount of the liauid which was retained on the outside of the SIGNOROTTI~ HULL~ AND  KIRK  321 
delivery tip became a  highly significant percentage of the total. For this reason, the 
bell was equipped with a second ring-scaled tube and reservoir as shown, so as to de- 
liver a  small amount of Tyrode or saline solution to rinse off the adhering droplet. 
This dispenser was made with a capillary measuring tube with an internal diameter 
of about 0.75 mm. giving a calculated accuracy of 0.2 per cent for delivery of 0.2 ml. 
For delivering small quantities  (0.02  to 0.05  ml.) the accuracy varied from 0.7 per 
FIG. 3.  Dispenser for volumes of 0.5 to 3 ml. of sterile fluid. 
FIG. 4.  Dispenser for small volumes of sterile fluid. 
cent for 0.05 ml. to 1.8 per cent for 0.02 ml. Smaller capillaries could be used but the 
over-aU accuracy of biological experimentation does not justify further refinement. 
Both  types of dispensers were filled by forcing filtered air into the  stock bottle 
through a cotton plug by means of a  rubber bulb. It was found desirable to keep the 
length of the measuring tube short, consistent with the accuracy desired, so that the 
entire apparatus could be placed in the autoclave for sterilization. 
Quantitative  Culturing  Procedure 
The tissues used for original implant cultures were in all eases chick embryo hearts 
from 10 to 11 days old. The embryos were removed from incubated eggs in the usual 
manner and the hearts dissected. The exterior blood vessels were cut away and the 322  TISSUE CULTUKE STUDIES. I 
heart cut to allow blood to be washed out.  They were stored in Tyrode's solution. 
All cutting was done on the paraffined glass scoop. Agitation in the sterile Tyrode 
solution served to remove the blood from the heart. After standing for a  reasonable 
period of time up to a half hour, the tissue was white and usually completely free of 
blood. It was then ready for weighing. The dish containing the washed hearts was 
placed in the transfer cabinet containing one or more quartz helix balances. 
It was necessary that all liquid possible be drained from the heart before placing 
it on the balance. For this reason, the heart was usually placed in a  dry sterile Petri 
dish after its removal from Tyrode's solution. The small amount of liquid which col- 
lected around it was removed with the suction tube described, The heart was then 
picked up with the same tube and placed on the balance pan, steadied by the glass rod 
described. 
The weighing of wet tissue is not inherently a  highly accurate procedure but if it 
is performed rapidly as is possible with this type of balance, the change in weight due 
to evaporation may be made negligible. The reproducibility of weighings was found to 
be within about 2 per cent. The weighed heart was then placed on the paraffined glass 
scoop and cut to the necessary number of fragments by means of the razor blade knives. 
The entire scoop was inserted into the roller tube and the tissue removed by gentle 
tapping. A platinum needle could be used to arrange the tissue fragments in the pattern 
desired. The culturing constituents, usually dilute plasma or purified fibrinogen, were 
measured from the small type dispenser. The remaining droplet was washed off with 
a minimum quantity of Tyrode's solution (made without phosphate when phosphate 
analyses were to be performed). Several techniques were available from this point on, 
depending on the type of experiment which was to be performed. Whether the culture 
was washed after clotting or allowed to  stand or whether  the liquid medium was 
added immediately was determined by other considerations than those covered in this 
report. The final liquid medium was added conveniently by means of the large type 
dispenser, after which  the  tube was incubated while rotating in a  drum  similar to 
those which have been described by other investigators (11). 
RESULTS 
In order to test the practicability of the equipment and technique described 
by making quantitative additions of all constituents to a  tissue culture, various 
implant cultures were made and the nitrogen and phosphorus were analyzed 
at various stages. The  details are reported below as a  series of experiments. 
Experiment 1.--Whole chick embryo hearts were placed  in Simms' solution  containing 
4 times the normal glucose content. The exterior blood vessels were removed and an 
incision made to drain the blood from each heart. The hearts were then washed in the 
solution, weighed, and transferred to fresh Simms' solution. The analyses for phos- 
phorus and nitrogen follow  :- 
Number of samples for phosphorus determination--22 
Mean phosphorus per rag. tissue--1.72 ~, 
Standard error of the mean--4"0.817 per cent 
Number of samples for nitrogen determination--21 SIGNOROTTI~ HULL~ AND KIRK  323 
Mean nitrogen per rag. of tissue--13.02  ~. 
Standard error of the mean--4-1.53 per cent 
N..xp~d~ 2.--The hearts,  cut and transferred as above, were cut into fragments 
of a size suitable for tissue culturing  using the paraffin scoops previously described. 
From the scoops they were transferred  to digestion flasks for analysis. The result  of 
these analyses follows:-- 
Number of samples for phosphorus determination--12 
Mean phosphorus per rag. tissue---1.72 "/ 
Standard error of the mean--4-1.14 per cent 
Number of samples for nitrogen determination--19 
Mean nitrogen per rag. tissue--13.05  "l 
Standard error of the mean--4-  ! .44 per cent 
Rxperi~ 3.--Cultures were set with fragments which had been weighed, cut, and 
transferred  as described in Experiments  1 and 2. To each was added 0.! ml. of plasma 
diluted  1 to 10 with phosphate---free Tyrode solution. The clot was allowed to stand 
2 hours,  after which the entire  culture  was analyzed.  The blank to correct  for the 
phosphorus and nitrogen of the clot was determined separately.  It will be noted that 
the apparently large values for the blank appear so because they are reported in terms 
of total phosphorus and nitrogen of the clot, whereas the similar data with hearts are 
reported  in terms  of milligrams of tissue. Since the culture  normally  contained  20 
to 30 rag. of tissue, it will be seen that the phosphorus and nitrogen of the clot con- 
stituted only a small portion of the total.  The data follow:- 
Number of samples for phosphorus  determination--14 
Mean phosphorus per rag. tissue--1.73 
Standard error of the mean--4-0.954 per cent 
The above figures were corrected for the amounts of phosphorus and nitrogen con- 
tained in the plasma clot, which was made as described above. The analyses of the clot 
are as follows  :- 
Number of samples for phosphorus determination-- 
Total phosphorus--mean value--2.47 7 
Standard error of the mean--4-0.T56 per cent 
Number of samples for nitrogen analysis--18 
Total nitrogen per sample--mean value---63.0 
Standard error of the mean--4-0.934 per cent 
It will be noted from the above data that satisfactory reproducibility of the 
phosphorus  and  nitrogen  values  was  obtained  in  numbers  of  experiments 
sufficient to give statistical significance. The principle of following the changes 
in  chemical composition of growing tissue  based  on  analyses  of the  entire 
culture  from which has been removed only the liquid medium must rest  on 
maintaining a clot which is small with respect to the amount of tissue or which 
has  a  small  amount of  the  constituent  studied  as  compared with  that  in 
the  tissue.  The  amount  of  clot  normally  used  in  culturing  of  tissues  is 
large as compared to the tissue.  However, the work of Shaw, Kingsland, and 
Brues (19) indicated the feasibility of culturing in a small amount of clot, and 324  TISSUE  CULTURE  STUDIES.  I 
this idea has been  developed further in  our  experiments.  By  diluting  the 
plasma to 10 volumes by addition of phosphate-free Tyrode solution and using 
a small volume only (0.1 ml.) satisfactory clots were obtained, and cultures which 
received an adequate liquid menstruum underwent normal development and 
growth in so far as the latter could be evaluated by observation. As soon as 
the principle of using small clot to culture ratios is proven reliable for chemical 
studies, it becomes unnecessary to attempt for most purposes the technically 
difficult operation of separating the clot from  the  tissue in order  to  subject 
the latter to chemical analyses. It must be admitted that ff a  clean separa- 
tion of clot from the  tissue can be made without significantly altering the 
composition  of  the  latter,  such  a  technique  would be preferable.  For the 
work which is under way in this laboratory it was felt that  the principle  of 
analyzing entire  cultures  which  contained small clots was sufficient for the 
purpose  and much simplier than alternative techniques.  The  figures  given 
show  that  quantitative  reproducibility  from  the  chemical  standpoint  can 
be achieved in so far as it involves the setting of cultures  in a  quantitative 
manner.  The  behavior  of  the  culture  after  making  the  implant is not the 
subject of the present communication. It will be shown in succeeding papers 
that  chemical studies with cultures set in the manner described can be used 
successfully for such quantitative studies of growing tissue cultures. 
SUMMARy 
Reproducible  conditions have  been  described for quantitative  tissue  cul- 
turing in which all constituents including the tissue itself are added in known 
quantities to the culture. 
The  conditions for transfer,  cutting, and manipulation of tissue are  also 
described. The data show that such culturing can be performed without loss 
or significant alteration of the nitrogen and phosphorus content of the tissue. 
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